E x p l a n a t io n o p P l a t e 12 F ig u r e 5. X -ra y diag ram of cellulose e x tra c te d from th e cam bium of P in u s sylvestris. F ig u r e 6. X -ra y diag ram of c o tto n cellulose; th e specim en here is cotton-w ool rolled into a pellet in order to give a 'p o w d e r' diag ram com parable to th a t in figure 5. (N ote th a t the specim en-film distan ce is ra th e r less here th a n in figure 5.)
T he tw o diagram s each show : a stro n g o u ter circle, corresponding to planes of spacing 3-9A, w ith a circle of lower in te n sity ju s t w ithin it; w ithin these lie tw o sm aller circles, corresponding to planes spaced 5-4 an d 6*1 A a p a rt respectively. All th e spacings recorded on th e tw o p h o to g rap h s are identical, th e sole differences being th a t in figure 5 th e circles are less well defined a n d th e b ack g ro u n d is stronger. This shows th a t th e m aterial e x tracted from th e cam bium is ty p ic a l cellulose, b u t im plies th a t th e micelles are sm aller, an d th e proportion of no n -crystalline m aterial larger, th a n in th e secondary w all cellulose of cotton.
Influence of steroid horm ones on the sensitivity of adrenalectom ized mice to procaine B y 0 . P e c z e n ik , Department of Physiology, University of Liverpool
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A dose of procaine which was harmless to castrated mice produced a collapse of body tempera ture when the animals were adrenalectomized. This effect of the alkaloid was inhibited by short-term treatment with desoxycorticosterone acetate or some related sex steroids, but not with thyroxin.
Of the mice untreated with the steroids, a certain number survived adrenalectomy and the procaine test indefinitely. This percentage was significantly increased in the animals prepared with the protecting sex steroids, but was decreased to zero in the group treated wdth desoxy corticosterone acetate.
Certain doses of procaine produce a fall of body tem perature, the extent of which is independent of the other symptoms. This fall is, probably, the result of a shock to the autonomic nervous system and can be inhibited by thyroxin and by the endogenous thyroid hormone (Glaubach & Pick 1931 , 1935 Peczenik, Popper & Schmid 1941) .
The experiments described below were concerned with the question whether the adrenal cortex protects against the alkaloid. The question was provoked by papers which have shown the im portant p art played by this gland in the regulation of body tem perature (Selye & Schenker 1938; Tyslowitz & Astwood 1942; Roos 1943) . I t emerged th a t adrenalectomy significantly strengthened the action of procaine on body tem perature. On the ground of this result adrenalectomized mice injected with procaine were used to test the temperature-m aintaining action of desoxy corticosterone acetate and of some allied steroids, the protective power of which, in adrenalectomized animals, is unknown or contested (Swingle, Parkins, Taylor, Hays & Morrell 1937; Swingle & Remington 1944) .
T e c h n iq u e
The experimental animals, castrated male or spayed female mice, were descended from a mixed stock which had been inbred for 3 to 5 generations. They were fed with a diet introduced by Thomson (1936) . The body weight of the animals a t the time of castration was 26 to 34 g. Mice of less than 26 g. were unsuitable.
The animals of groups 1 and 3 were placed, 8 to 14 days after castration or spaying, in surroundings a t near 25° C, and their colonic tem peratures recorded three times a t intervals of 15 min. They were then injected subcutaneously in the back with a 2 % solution of procaine hydrochloride, with a dosage of 10 mg./lOO g. body weight. After the injection colonic tem peratures were again recorded, over the next 2 hr., a t 15 min. intervals. A week after this procaine test the mice were adrenalectomized. Some of them (tables 1 to 3) were treated with hormones; the rest remained untreated, as controls.
Group 1 is composed of males treated with desoxycorticosterone acetate, pro gesterone, anhydro-hydroxyprogesterone or methyltestosterone. The free hormones were injected over 2 days in five equal single doses, starting 6 hr. before adrenal ectomy. The adm inistration of the desoxycorticosterone acetate was begun 24 hr. before adrenalectomy, owing to its slower rate of absorption. The total dose was divided up into seven equal single doses. Group 3 is composed of females, spayed, tested and adrenalectomized a t the same time intervals and in the same way as the males in group 1. Some of the animals (table 2) received no hormone; the others were injected with oestradiol or w ith oestradiol + progesterone. Treatm ent was begun 24 hr. before adrenalectomy and the total quantities were divided into seven equal single doses. The single doses of anhydro-hydroxyprogesterone were dissolved in 0-07 to 0 0 8 ml. of propylene glycol, those of the other steroids in 0*04 to 0-05 ml. of arachis oil. Injections were subcutaneous. Six hours after the last hormone injection, i.e. 2 days after adrenalectomy, the procaine tests were repeated and results compared with those of the first tests.
In the case of the males in group 2, since it was found impossible to dissolve larger doses of anhydro-hydroxyprogesterone in amounts of propylene glycol small enough to be non-toxic, the hormone, in tablet form, was im planted under the skin of the back, 3 weeks or 1 m onth after castration. Tablets were applied which have been p u t on the m arket for peroral use. The interval between castration and im plantation was increased, in order to allow the abnormal conditions of absorption set up by the first operation to settle down. A week after im plantation the mice were adrenalectomized and, 2 days later, the procaine test was repeated. Mice which were subm itted to the same procedure but w ithout im plantation, served as a control.
Further males of the same body weight were treated with thyroxin. A daily dose of 0-5 mg./lOO g. body weight was injected subcutaneously on 5 consecutive days, beginning a fortnight after castration. Twenty-four hours before the last injection the adrenal bodies were removed. Two days later, i.e. 24 hr. after the last injection, the mice were tested. In this paper the term 'protected' is used to describe those mice which, after adrenalectomy, responded to procaine like the male individuals before adrenal ectomy (table la ) . 'U nprotected' refers to those which reacted to the alkaloid in the same way as the untreated adrenalectomized controls in this table. The results given in table l a and b were analysed statistically according to B urn (1937) and to Fisher (1941).
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R e s u l t s
The effect of adrenalectomy on the response to procaine
In male castrates the selected dose of procaine produced only an insignificant fall in body tem perature before adrenalectomy (table la ). W ithin 2 hr. the colonic tem perature returned to its original level. After adrenalectomy the same dose of procaine, in untreated males, produced an irreversible collapse in body tem perature (table la , 6, figure 1). Non-castrated males did not behave uniformly. Some reacted like castrates; in others the alkaloid was no more effective after adrenal ectomy than before. Female castrates (table 2) showed considerable variations before adrenalectomy in their response to procaine. After adrenalectomy, the body tem perature fell steeply, on the average, regardless of whether the mice were anoestrous, or in artificial oestrus, or whether oestrogen together w ith physiological quantities of progesterone had been administered. Of the latter, none of five mice treated with 1 mg. and only four out of nine receiving 2 mg. of progesterone were protected. This action of procaine, significantly intensified in adrenalectomized animals, is not the expression of a general hypersensitivity to the alkaloid. The collapse of body tem perature was not, except in isolated cases, associated with clonus and paralysis, such as were produced by larger doses (from 20 mg./lOO g.) in nonadrenalectomized mice. A verage ra te of fall of body te m p e ra tu re i n : (1) 20 u n tre a te d a n im a ls; (2) 12 anim als tre a te d w ith 1 m g. of desoxycorticosterone a c e ta te ; (3) 12 anim als tre a te d w ith 4 m g. of progesterone; (4) 12 anim als tre a te d w ith 4 mg. of m e th y lte sto ste ro n e ; (5) 12 anim als tre a te d w ith 2 m g. of anhydro-hydroxyprogesterone. E ach p o in t p lo tte d represen ts th e average te m p e ra tu re of th e group a t a given tim e. In com p u tin g each fall of te m p e ra tu re for th e tables, th e average of th e lowest tem p eratu res observed in th e group irrespective of tim e h a d been used.
Sensitivity of adrenalectomized mice to 'procaine

The effect of steroids on the response of adrenalectomized males to procaine
The effect of procaine on the adrenalectomized animals was inhibited by desoxycorticosterone acetate and by the sex steroids. In each series the maximal fall in tem perature was, in the mean, significantly smaller th an in the untreated controls and, at least, 5 0 % of the individuals were protected (table la , b). Table l a does, however, show differences in activity. In the animals injected with methyltestosterone or w ith anhydro-hydroxyprogesterone the hormones did not prevent an increase in the effect of procaine after adrenalectom y; the fall in tem perature recorded after the procaine injection was, on the average, significantly greater than before adrenalectomy. This difference was not significant in both the mice treated with 1 mg. of desoxycorticosterone acetate and those receiving 4 mg. of pro gesterone; but the variation and also the number of unprotected individuals was far smaller in the former than in the latter. A further peculiarity of desoxycorticosterone acetate is dem onstrated in figure 1 . The tem perature curve constructed from the average figures of the mice treated with desoxycorticosterone acetate runs as before adrenalectomy. The individual tem perature curves all originated in normal values and, in two-thirds of the subjects, returned to the original level w ithin 2 hr. The average tem peratures of the animals treated with the sex steroids were subnormal and the fall caused by procaine did not revert to the original level during the test.
For the reason given above it was impossible to inject anhydro-hydroxy progesterone, which, as regards its chemical relationship to desoxycorticosterone, stands between progesterone and methyltestosterone, in a dose larger th an 2 mg. The im plantation experiment was not q u an titativ e; the tablets were decomposed within a week, so th a t an even approxim ate determ ination of the quantity of hormone absorbed was impossible. I t was further found th a t a surprising per centage of the 'im planted' mice perm anently survived adrenalectomy, so th at, with the given num ber of animals in the experiment, no mean values could be arrived at. Of a dozen im planted with 10 mg., the eight perm anent survivors were all protected; of the four mice which in time died, only one was unprotected. In a 5 mg. series, the five perm anently surviving individuals were likewise p ro tected ; of the remaining eight, which died in due course, six were protected and only two unprotected. The controls gave almost the same result as those in group 1: the tem perature dropped, on the average, 4-8° C, varying from 2-8 to 6-4° C.
This result suggests th a t more than 2 mg. of the steroid were absorbed during 1 week, in contrast to the result of Forbes (1943) who found th a t anhydro-hydroxy progesterone is only very partially and slowly absorbed from subcutaneous deposits. Possibly this difference of absorption can be ascribed to the different constitution of the implanted material. Forbes worked with compressed pellets of the crystalline steroid which, as a rule, do not disintegrate. In the tablets which I implanted, the interspersion of the crystals by inert m aterial allowed rapid disintegration, rendering the crystals open to absorption.
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The effect of steroids on the survival mice
While the mice which died in due time after adrenalectomy quickly lost weight, 1 those which survived permanently did not, or soon ceased to lose and then rapidly | ( increased in weight, so th at several became distinctly heavier than before adrenal-If ectomy. The permanent survivors were killed 6 weeks after adrenalectomy. The 1 post-mortem showed hypertrophic morsels of the adrenal bodies which had escaped | | extirpation and which included hypertrophic, atrophic and very large vacuolized | ] (exhausted?) adrenal cortical cells. There were found also, rounded structures, I surrounded by connective tissue, probably hypertrophic accessory adrenal cortex, 1 consisting of enlarged cortical cells. Table 3 shows th at among the treated males 1 there were more individuals which permanently survived adrenalectomy than 1 among the untreated, and th at the number of survivors increased with the dose 1 and with the duration of action of the hormone. The series treated with desoxy-I corticosterone acetate is an exception. While, of the males treated with the other 1 steroids and the untreated males, it was necessary to adrenalectomize the numbers 1 shown in In non-treated adrenalectomized mice it is in the first 2 days after operation th at any adrenal cortical tissue remaining in the body still has a chance to begin compensatory hyperfunction and hypertrophy. Table l a shows th at the normal iperiod of survival of adrenalectomized males was also increased by the short-term |hormone treatm ent. This means th a t the hormones help the animal over these first Icritical days and increase the opportunity for development of compensatory hyperjfunction and hypertrophy. Now it is known th a t short-term treatm ent with sex isteroids stimulates the adrenal cortex (Nathanson & Bruces 1941), while desoxy-I corticosterone leads to cortical atrophy (Lowenstein & Zwemer 1943) . Progesterone can also produce cortical atrophy b u t only after continuous treatm ent with doses incomparably greater than those used here (Clausen 1940) . I t may be imagined rthat compensatory function and hypertrophy of adrenal cortical tissue remaining |in the body after adrenalectomy was stim ulated and speeded up by the sex steroids, Iso th a t the percentage of perm anently surviving animals was increased. The mice treated with desoxycorticosterone acetate were protected against consequences of |adrenalectomy as long as the injected ester persisted in the body. During this time [the remaining cortical cells were not stim ulated to hyperfunction and hypertrophy, but suppressed; whereby the animals, w ithout exception, died as soon as the pro tecting hormone was exhausted.
Sensitivity of adrenalectomized mice to procai The action of thyroxin
As shown in table 4, adrenalectomized mice were not protected against procaine by thyroxin. There were three individuals which behaved like non-adrenalectomized, b u t in the other ten there was a fall of colonic tem perature (3-0 to 6-8° C) similar to th a t in the untreated controls (table la ). The am ount of thyroxin given protected young normal mice of 20 g. body weight against 3 mg. of procaine. U ntreated they would have been very sensitive to this dose. A somewhat similar result was obtained by Gaunt, Cordsen & Liling (1944) , who found th a t thyroxin protects rats against w ater intoxication, and th a t this pro tective action is abolished by adrenalectomy. The adrenal cortex is therefore indispensable for these protective actions of thyroxin. W ith regard to the three exceptions in which thyroxin inhibited the fall of body tem perature after adrenal ectomy the following hypothesis seems to be admissible: thyroxin causes hyper trophy and, probably, also hyperfunction of the adrenal cortex (Tepperman, Engel & Long 1943) . In these three mice cortical cells overlooked a t the time of operation Vol. 134 . B. 226 O. Peczenik m ay have been stim ulated by the thyroxin to the point of exhaustion and functioned in place of the adrenal bodies during the test.
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